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Charge decay, thermally stimulated depolarization current (TSDC), and charging and discharg-
ing currents (I) were measured for negatively corona-charged atactic (a-), syndiotactic (s-) and
isotactic (i-) polymethyl methacrylate (PMMA) films in order to investigate the stereoregularity
dependence of these electric properties of PMMA. Surface charge density just after the corona-
charging, and current values of TSDC peak and I of s-PMMA were smaller than those of a-
and -PMMA. The results suggest that the effect of rotational orientation of polar groups in s-
sequencies on such properties is comparatively small due to the larger steric hindrance of polar
side groups. The shortest time constant among three time constants obtained from the charge
decay data and the longest time constant evaluated from the time dependence of I were ap-
proximately equal to the time constant obtained from the negative TSDC peak observed in
lower temperature region. This indicates that the orientation and disorientation of i-sequencies
contribute to these phenomena even when the content of i-sequence is low. The anomalous
current was observed in I, which was explained by the variation of potential gradient in the
films. Charge mobility in stereoregular PMMA was also discussed.
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Table 1 Properties of used PMMA.

Tacticity content (%)

T Thickne

1 2 8 € S8
Samples p 5 ; (C) (18°C, 1kHgz) ()
@-PMMA 7.6 27.5 54.9 % 2.38 27-30
s PMMA 4.3 16.2 79.5 120 2.31 35-40
i-PMMA 92.3 41 3.6 53 1.98 35-40
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Fig.1 Charge decay curves of stereoregular PMMA
films charged by corona at room temperature.
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%2 iz erHE PMMA OBEHWRFEH (co 2 RHD)
Table 2 Decay constants of PMMA charged by corona at room temperature (ci : h).

Aox 102 C1x10% 71 Cex 102 w2 C3x10? 73X 10%
a-PMMA S1 —(4.24+1.4) 1241 22846 3342 3.44+0.2 66+2 7.2+0.2
S2 2.7+1.9 4,4+2.4 113461 4940 3.6+0.2 4441 8.1+0.1
s-PMMA S1 6.2+0.8 6.7+2.0 237 35+1 1.240.1 5242 30+1
S2 —(2.240.3) 9.0:+3.0 1943 4442 2.14+0.4 4941 18+0
i-PMMA S1 2.0::0.2 2.0+:0.5 71425 5.1+0.9 4.7+2.6 9140 1340
S2 ~ (25424) 4.5+1.8 192464 202 2.240.3 7542 6.9+0.2

%3 2erHE PMMA oL EHBEFEREE (pe), SEMHE (pe) €3 BB OBBE (m?/Ves)
Table 3 Mobilities (m?/V+s) obtained for divided three processes (pi) and whole charge decay
(pe) of corona-charged PMMA.

111018 p2 X 1018 usXx 101 pe X 101

a-PMMA S1 3.7+1.6 8.0+0.5 5.8+2.2 1.9+0.8
S2 2.24+1.0 7.4+2.2 3.0+0.9 1.14+0.8

s-PMMA S1 71+£23 60+6 3.6+0.7 2.34+0.5
S2 81+52 46:£7 5.7+1.0 3.1+1.0

i-PMMA S1 4.542.9 0.17:0.10 8.6+4.2 6.4+2.0
S2 3.4+1.3 1247 1346 6.641.7
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Fig. 2 Storage time dependence of TSDC.
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#4 MEEH ¢=0 o PMMA © TSDC ©—7, HHKERBOERMNAY -7 DRE (Tn: °C)
B IO IET B1EEL=F% A F (4E : k]/mol)
Table 4 TSDC peak temperatures (Tm:°C) of PMMA just after charging (#=0) and of
‘negative peak in low temperature region of PMMA left in air for ¢ hours, and cor-
responding activation energy (JE :kJ/mol).

Negative peak Shoulder a-peak Homo-charge peak
t T'm 4E Tm 4E Tm dE T'm 4dE
a-PMMA 0 50 326 91 119 110 458
0.5 33 46
s-PMMA 0 87 141
2.5 33 38
i-PMMA 0 44 314 58 668
6 38 50

I EIET B, 205 BIERMOIE Y — 7 O (91°C)
1t a-PMMA D5 AEREE (FE1) i\, Fi
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Fig. 3 Charging and discharging currents of a-
PMMA measured by the circuit in the figure
for uncharged film (a), charged (b) and back
surface (¢) of corona-charged films.

Applied voltage was d.c. 200V,
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Fig. 4 Charging and discharging currents of s-
PMMA.
(a), (b) and (c) show the same conditions as
in Fig. 3.
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Fig.5 Charging and discharging currents of ¢-
PMMA.
(a), (b) and (c) show the same conditions as
in Fig. 3.
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Fig. 6 Distribution of charges (o), electric field
(E) and potential (V) in the film immedi-
ately after the charging (a) and in shorted
condition (b).
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Fig. 7 Charge distribution and Potential curve in

the film at the initial period of measure-
ment of charging (a) and discharging (b)
current when the external field was applied
so that the potential of the charged surface

became higher.
Measuring circuit : see Fig. 3(b).
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Fig. 8 Charge distribution and potential curve in
the film at the initial period of measure-
ment of charging (a) and discharging (b)
current when the external field was applied
so that the potential of the back surface
became higher.
Measuring circuit : see Fig. 3(c).
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k5 %, HEBROWHEEFELYFELTER (ci:s)

Table 5 Constants which represent time dependence of charging and discharging currents (ci:s).

Ao Ct 71 Ca 2 Cs 3

a-PMMA
uncharged CH 0. 040 0.10 199 0.23 32 0.62 4.4
DI 0.026 0.097 238 0.35 28 0.53 6.5
S1 CH -0, 0009 0. 066 168 0.31 32 0.63 3.4
DI 0. 059 0. 060 352 0.32 29 0.56 3.1
S2 CH 0.093 0.22 820 0.16 69 0.52 2.6
DI 0.90 —0.99 695 0.20 21 0.89 2.5

s-PMMA
uncharged CH 0. 00074 0.0093 109 0.12 6.3 0.87 1.4
DI 0. 00079 0.014 186 0.19 14 0.79 2.1
S1 CH 0. 00067 0.017 159 0.19 5.9 0.79 2.1
DI 0.027 0.021 960 0.15 26 0.80 2.2
S2 CH 0. 064 0. 059 833 0.20 11 0.68 2.2
DI —0.048 —0.015 1,730 0.19 15 0.87 2.3

i-PMMA
uncharged CH 0.0043 0.015 299 0.072 34 0.91 1.9
DI 0. 0094 0.058 246 0.24 23 0.70 3.0
S1 CH 0. 0066 0.043 370 0.33 27 0.62 2.4
DI 0.010 0.031 447 0.26 30 0.69 2.7
S2 CH 0.024 0.047 648 0.27 24 0.66 2.3
DI —0.0035 0.026 439 0.24 29 0.74 2.3

CH : Charging process, DI : Discharging process
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